Organophospborus (OP) pesticides are used as insecticides in agriculture and pest control and are often called "junior strength" nerve agents because they share the same mechanism of toxicity. OP pesticides are metabolized to dialkylphosphates and other metabolites, which are excreted in urine. In case of a terrorism incident involving widely available OP pesticides, an occurrence that may be likely given their widespread availability, a rapid, accurate, and cost-effective method for detecting exposure is required. We have evaluated several analytical methods to determine the most reliable and cost-effective methods for incident response. Our comparisons have included different internal standards (isotopically labeled standards versus chemically similar surrogate standards), different isolation techniques (some of which are automatable), and different analysis platforms. We found that isotopically labeled standards were a necessity to provide accurate quantification; the chemically similar surrogate was not suitable as an internal standard. The most sensitive and precise method uses isotopically labeled standards with gas chromatography-tandem mass spectrometry analysis. However, the most cost-effective method employed isotopically labeled standards with gas chromatography-single quadrupole-mass spectrometry using a less expensive mass selective detector. Because this method is lower in cost, it may be a more viable option for equipping multiple laboratories with chemical-terrorism response capabilities.
Introduction
Organophosphorus (OP) pesticides have been on the market for the last 50 years and are among the most commonly applied insecticides. Although many residential uses of OP pesticides have been eliminated, OP pesticides remain a highly used group of agricultural insecticides. Nearly 40 OP pesticides are registered with the U.S. Environmental Protection Agency (1) for use in the United States. Their popularity can also be accredited to their effectiveness, low rates of pest resistance, and non-persistent characteristics in both the environment and in mammals (2, 3) . The primary target of OP insecticides and chemical warfare agents is acetylcholinesterase (ACHE) as discovered independently in Germany and England in 1940-1942 (4-6) . Their mode of toxicological action targets the enzyme AChE and other esterases with similar active sites. In the case of ACHE, OP pesticides bind to its active site, rendering it unavailable to breakdown acetylcholine, an important neurotransmitter (7) . The result is the constant transmission of nerve impulses and subsequent symptoms like salivation, tremors or paralysis of muscles, .seizures, and eventual death of the subject. Although effective in warding off insects, unfortunately OP pesticide activity can transcend insects to mammals with the same method of operation. In fact, OP pesticides were first synthesized as chemical human defense agents in Germany during the World War II (8, 9) . Considering the extensive use of OP pesticides and their toxic effects on humans (10) , they have become a significant topic of many exposure assessment and epidemiologic studies. As a result, new analytical methods are constantly being devised to analyze these pesticides for human studies. However, with the onset of heightened preparedness for chemical and bioterrorism response, methods to assess OP pesticide exposures rapidly are required since OP pesticides are considered one possible class of target chemicals for terrorism because of their high toxicity and widespread availability.
In the United States, each state has a public health department designed to protect and promote the health of that state. As individual cases or clusters of exposure or disease occur, it is the responsibility of the health department to determine the point of exposure, analyze any specimens and communicate the resulting information back to the public. In the past, the Centers for Disease Control and Prevention (CDC) has become the primary laboratory for biomonitoring in the United States. However, the CDC does not have the time or capacity to address each individual state's needs. A limiting factor for the states to address their own biomonitoring projects is that most of them lack the funding, equipment, and standards to create the necessary biomonitoring capacity. Instead, state health departments rely upon the CDC to assess most environmental exposures. To fulfill this need, state health labs have been working with the CDC in developing biomonitoring methods to be able to analyze toxicants "in-house". In addition to the implementation of state health lab biomonitoring plans, the new Department of Homeland Security is calling upon state labs to help the CDC in response to possible chemical terrorist activities. As part of the new department's policy, state and local health systems have been provided more than $2.5 billion to bolster their ability to respond to public health crises (11) . OP pesticides can be employed as chemical terrorism agents because they are cheap and easy to obtain, and in chemical terrorism, are monitored by the CDC as such.
The most common way of assessing exposure to OP pesticides involves measuring their dialkylphosphate (DAP) metabolites in urine. Six DAP metabolites, dimethylphosphate (DMP), dimethylthiophosphate (DMTP), dimethyldithiophosphate (DMDTP), diethylphosphate (DEP), diethylthiophosphate (DETP), and diethyldithiophosphate (DEDTP), are metabolites of about 75% of the EPA-registered pesticides and are also metabolites of many OP pesticides not used in the United States. Presently, this is the most sensitive measure that scientists have to document actual human exposure to OP pesticides or their environmental degradates (12) . Cholinesterase inhibition is also another method, but it is relatively insensitive to lower, more subtle exposures, and could be due in part to exposure to other pesticides.
Many analytical methods have been developed to detect and measure DAPs in people to assess OP exposure (13) (14) (15) (16) . Most methods measure the DAPs in urine; however, other matrices such as meconium, serum, and breast milk have been used. In addition, numerous sample cleanup and instrumental techniques have been used. These include using solid-phase extraction, liquid-liquid extraction, derivatization, and liquid chromatography (LC) and gas chromatography (GC) coupled with some form of mass spectrometry (MS).
Either in a situation of chemical terrorism activity or simply to biomonitor for DAPs, there is an urgent need for public health laboratories to develop the appropriate analytical capacity. Ideally, the method would utilize standards and instrumental equipment that are cost effective for the state labs. In addition, in the case of possible terrorism activities, an efficient and robust method is needed.
The purpose of this paper is to investigate three methods, some of which were newly developed in our laboratory, to measure DAPs (17) and then establish which of the three is superior in terms of essential operating characteristics desirable for a good method: analyte recovery (or extraction efficiency), limits of detection, accuracy and precision, and linearity. In addition to evaluating these parameters, the cost-effectiveness of each method will be estimated thus determining which methods are both practical and accessible for public health state laboratories (Figure 1 ).
Experimental

Materials
All solvents used were analytical grade with purity greater than 98%. 1-Chloro-3-iodopropane (CIP) was obtained from Aldrich Chemical (Milwaukee, WI). Fourteen sets of calibration spiking standards in acetonitrile with analyte concentrations ranging from 0.064 to 1600 mg/L were prepared in the lab and validated against standards prepared under contract by Battelle Memorial Institute (Bel Air, MD). Native standards of DMP (98% purity) and DEP (75% purity) were purchased from Acros (Morris Plains, N J). DETP (K § salt; 98%) and DEDTP (90%) were both purchased from Aldrich Chemical. Native standards of DMTP (Na § salt; 98%) and DMDTP (98%) were purchased from Cambridge Isotope Laboratories (Andover, MA) with purities greater than 99%. No further purifications were performed for the native analytes, but the purities were used to calculate the final concentration of the native analytes. Isotopically labeled internal standards
, and DEDTP (diethyl-13C4) were custom synthesized by Cambridge Isotope Laboratories with isotopic purities greater than 99%. The surrogate standard dibutylphosphate (DBP, 97%) was obtained from Fluka (via Sigma-Aldrich). Hydrochloric acid (HCI) (36.5-38%) was purchased from J.T. Baker (Phillipsburg, N J), and sodium chloride was obtained from Fisher Scientific (Fair Lawn, N J). Water was purified with a Nanopure Infinity system (Barnstead International, Dubuque, IA). Gases used by the instrumentation had a minimum purity of 99.999% and were purchased from Holox (Atlanta, GA). Varian ChemElut TM 3-mL cartridges were purchased from Varian (Walnut Creek, CA). 
Reagent preparation
The 6M HCI solution was made by adding 50 mL of concentrated HC1 to 40 mL of purified water (resistivity = 18.2 MQcm) in 100-mL volumetric flask. After thorough mixing, more purified water was added until final volume was 100 mL.
Standard preparation lsotopically labeled internal standard (ISTD)
An isotopically labeled ISTD solution was prepared by weighing approximately 50 mg of each isotopically labeled analyte into separate 5-mL volumetric flasks and dissolving with acetonitrile (Absolv grade, Tedia, Fairfield, OH), resulting in 10 mg/mL individual solutions. Then 1000 ]JL of each analyte solution was combined and diluted to 1 L (10 ~L/mL). The resultant 10 IJL/mL solution was divided into 5-mL aliquots, flame sealed, and stored at-20~ until used. We further diluted the ISTD solution to 50 mL and spiked 125 t~L (using a Gilson Liquid Handler 215) in unknown samples, quality control (QC) materials, and calibration standards for all the samples analyzed using MS-MS. The calculated amount of each ISTD analyte in the urine for the MS-MS samples was 62.5 ng/mL. The samples analyzed using mass selective detection (MSD) were spiked with 125 ~L from the 10 ~L/mL solution without any further dilution. The calculated amount of each ISTD analyte in the urine for the MSD samples was 625 ng/mL. The surrogate standard of dibutylphosphate was also made in the same Journal of Analytical Toxicology, Vol. 32, January/February 2008 way as described (10 pL/mL) and spiked 125 pL (using Gilson Liquid Handler 215) in all unknown samples, quality control (QC) materials, and calibration standards.
Native standards and calibration curves
Calibration standards were prepared daily by spiking 2.0 mL of blank urine with 125 IlL of the ISTD solution (1 IJL/mL), 125 ]~L of the surrogate standard solution (1 ~L/mL), and 125 IlL of the appropriate calibration spiking standard solution to produce urinary concentrations ranging from 0.4 to 100 ng/mL for the samples analyzed by MS-MS. For the calibration standards for the MSD analysis, samples were prepared daily by spiking 2.0 mL of blank urine with 125 ]JL of the ISTD solution (10 IJL/mL), 1251JL of the surrogate standard solution (10 ~L/mL), and with 125 tJL of the appropriate calibration spiking standard solution to produce urinary concentrations ranging from 100 to 10,000 ng/mL. The urine samples were prepared for analysis according to the procedure described here.
Quality control (QC) materials
Urine was collected from multiple donors, combined, diluted with water (1:1, v/v) to reduce endogenous levels of the analytes of interest, and mixed overnight at 20~ After pressure filtering with a 0.2-ram filter capsule, the urine was divided into six pools. The first pool (QC low pool) was spiked with native standard stock solution to yield an approximate concentration of I ng/mL for all analytes (DEP, DMTP, DMDTP, DETP, DMP, and DEDTP). The second pool (QC medium pool) was spiked with native standard stock solution to yield an approximate concentration of 8 ng/mL, and the third pool (QC high pool) was spiked with native standard stock solution to yield an approximate concentration of 20 ng/mL. These three pools were used for sample analysis by MS-MS. The fourth (CT low) and fifth (CT high) pools were prepared to yield approximate concentrations of 200 and 2000 ng/mL, respectively, and were used in sample analysis by MSD. The sixth pool was not spiked. After being screened for possible endogenous analytes, the sixth pool was used as matrix material for calibration standards and blanks. All QC pools were characterized to determine the mean and the 99th and 95th control limits by consecutive analyses of at least 20 samples from each QC pool. After establishing the control limits of the pools, individual QC samples contained within each analytical run were evaluated for validity using Westgard multirules (18).
Sample preparation methods
All urine, reagents, and standards were brought to room temperature. A 2-mL aliquot of urine was pipetted into a 20-mL fiat bottom vial and spiked with 125 I~L of the ISTD and surrogate standard solutions. After the samples were mixed, 2 g of NaCI was added to the urine and shaken using the Digital Pulse Mixer (Glas-Col, Terre Haute, IN) for 15 min. The saturated NaC1 helped to keep acetonitrile from being miscible with urine in the next step. The sample preparation schemes are described in Figure 2 . Three types of sample preparations were evaluated: conventional liquid-liquid extraction, sorbent-immobilized liquid-liquid extraction, and lyophilization.
Conventional liquid-liquid extraction
Five milliliters of ethyl ether/acetonitrile (1:1) solution was added to the urine, and the samples were shaken for 15 rain. The samples were transferred to 15-mL centrifuge tubes, and centrifuged at 1500 x g for 7 min. The organic layers were transferred to different 15-mL tubes. The extraction procedure was repeated and the extracts were combined.
Sorbent-immobilized liquid-liquid extraction
Three-milliliter ChemElut cartridges were arranged on a vacuum box. The salt-saturated urine solutions were transferred to the cartridges and allowed to sit for 5 min. The analytes were eluted from the cartridges with 10 mL (2 x 5 mL) of ethyl ether/acetonitrile (1:1) solution and collected in a conical 15-mL centrifuge tube.
Lyophilization
Samples were prepared according to a previously published method (13) . Urine samples (2 mL) were lyophilized using a VirTis 25 L Genesis TM EL freeze dryer. Analytes were extracted from the dried residues by adding 2 mL of acetronitrile and 2 mL of ethyl ether to the sample and then vortex mixing for 1 min. The supernatants were poured in to another 15-mL centrifuge tube. A second extraction was performed, and the residues were combined.
The extracts from all three methods were concentrated using a Turbovap LV (Zymark, Hopkinton, MA) at 30~ and 10 psi of nitrogen. Next, I mL of acetonitrile, 10 mg of potassium carbonate, and 50 IJL of 1-chloro-3-iodopropane were added to the tubes. The samples were vortex mixed and then placed in a 60~ dry bath for 3 h. The supernatants were transferred to a clean tube and evaporated to dryness. The samples were reconstituted using 100 gL of toluene, transferred to GC autosampler vials, capped, and stored under refrigeration until analyzed.
Instrumental analysis
GC-MS-MS
GC conditions. Samples were injected (1 laL sample + 1 IJL air) into the GC (TraceGC, ThermoQuest, San Jose, CA) by splitless injection using an autosampler (CTC A200s, Carrboro, NC) with an injection purge delay of 2 rain, split flow of 50 25-1Jm film thickness) capillary column was used for separation of the chloropropyl phosphate esters. The temperature of the injector and transfer line was 250~ The column temperature was initially 80~ for 2 min, then heated to 235~ at 17~ then heated to 270~ at 50~ and held for 5 rain. The carrier gas was helium (99.999% purity). The transfer line was maintained at a constant temperature of 270~ Compared to the Restek DB-5MS GC column, which was previous used, the Factor FOUR VF-5MS column had significantly lower column bleed at high temperatures.
MS conditions. The chloropropyl phosphate esters were analyzed using multiple reaction monitoring (MRM) mode and centroid data collection mode. All of the precursor ions were the pseudomolecular ([M+H] § ions produced by chemical ionization in the positive ion mode. Methane was used as a reagent gas with a pressure of 1600 mT and argon as a collision-induced dissociation gas with a pressure of 2 roT. A calibration compound (FC-43) was used daily to check on the readiness of the MS. If the peak intensities are low or peaks have shifted, then a full autotune of the MS was performed before analysis. MS conditions were as follows: source temperature was 150~ electron energy was 200 eV, filament current was 300 mA, and the potential for the continuous dynode electron multiplier varied depending upon multiplier lifetime. Table I summarizes the characteristic precursor/product ion combinations and collision offsets used in measuring each analyte and ISTD with a width mass window of 0.4 amu and a scan rate of 0.03 Hz. The product ions for 35C1 precursor ions were selected to maximize specificity, sensitivity, and linear dynamic range. The product ions for 37C1 precursor ions dialkyl phosphate metabolites of organophosphorus pesticides were used only for confirmation purposes and added to the selectivity of the analysis.
Data processing and analysis. Peaks were automatically integrated using the XCalibur software (version 1.3) provided with the MS. All data were smoothed (three-point smoothing) and for quantification. Calibration plots were constructed for each analytical run, with eight analyte concentrations plotted against the response factors. Response factors were calculated as the area of the native analyte ion divided by the area of the isotopically labeled analyte ion. Calibration standard concentrations encompassed the entire linear range of the analysis. A linear regression analysis of the calibration plot provided a slope and intercept from which unknown sample concentrations could be determined.
GC-MSD
GC conditions. Analysis was performed by injecting 1 IJL of sample on an HP 6890 GC equipped with a split-splitless injector and an HP 7683 series auto sampler. All the GC conditions are comparable to the information given in the GC-MS-MS section, except the split valve was vented at a rate of 55 mL/min at 1 min, and the gas saver mode was turned on at 2 min.
MS conditions. The GC was fitted with an HP 5973 mass selective detector (MSD, single quadrupole). The chloropropyl phosphate esters were analyzed using selected ion monitoring (SIM) in the centroid data collection mode. All of the ions were the pseudomolecular ([M+H] § ions produced by chemical ionization in the positive ion mode. Methane was used as a reagent gas with a pressure of 40%. A calibration compound (PFDTD) was used daily to check on the readiness of the MS. If the peak intensities were low or peaks had shifted, then a full autotune of the MS was performed before analysis. The source temperature was 250~ and the MS quadrupole temperature was 150~ Electron energy was 86.6 eV, filament current was 237.3 mA, and the potential for the continuous @node electron multiplier varied depending upon multiplier lifetime. summarizes the characteristic of ions used in measuring each analyte and ISTD. The quantification ion for 35C1 was selected to maximize specificity, sensitivity, and linear dynamic range.
Ions from the 37C1 were used only for confirmation purposes and added to the selectivity of the analysis. Data processing and analysis. Initial data files were exported to .AIA format using the CHEM software. Those files were then converted to XCalibur raw data (*.raw) files using XConvert subprogram in Xcalibur software. Peaks were automatically integrated using the XCalibur software (version 1.3) , and all data were smoothed (three-point smoothing). The analyst checked and corrected any discrepancies in peak selection yielding an accurate integration. For quantification, calibration plots were constructed for each analytical run, with eight analyte concentrations plotted against the response factors. Response factors were calculated as the area of the native analyte ion divided by the area of the isotopically labeled analyte ion. A linear regression analysis of the calibration plot provided a slope and intercept from which unknown sample concentrations could be determined. 
Method validation
Limits of detection (LOD)
A method LOD, based on the precision of measured values (n = 10), was calculated for each analyte as 3s0, where So is the estimated standard deviation of measured concentration values as the concentration approaches zero. The So was estimated as the y-intercept of a linear regression analysis of a plot of the standard deviation (in units of concentration) versus the concentrations of the three lowest standards (19) . The three lowest standards were used for this calculation. We verified the ability to see each analyte at its calculated LOD by extracting urine samples that were spiked at those concentration levels and injecting them on the instrument. The LOD for each method is reported in Table II .
* Because the extraction recoveries are independent of analytical detection technique, we used only the GC-MS-MS platform to quantify recoveries.
Extraction recoveries
Because the extraction recovery is independent of the analytical detec- 
(85)
64 (79) 60 (15) 77 (2) 71 (13) 75 (2) 65 (50) 60 (37) 62 (14) 91 (13) 68 (7) 90 (10) tion platform used, only one analytical system was used to determine extraction recoveries. The extraction recoveries were calculated using GC-MS-MS at two concentrations (10 and 50 ng/mL) using the isotope dilution method, since it is the most sensitive method. The recovered samples were prepared by spiking 2 mL of blank urine with appropriate native standard and preparing as described in the method section. The reference samples were prepared by preparing 2 mL of blank urine according to the method and then spiking with appropriate native standard just after the extraction process (before derivatization). The values for extraction recoveries were calculated by dividing the response ratio of recovered sample by the response ratio of reference sample. Ten pairs of recovered/reference samples were prepared and average recoveries are reported in Table III .
Accuracy
Accuracy is defined in this paper as the degree of agreement between the means of measured concentrations of samples 
Precision
The precision of the method was determined by calculating the percent relative standard deviation (%RSD) of repeat measurements (n = 10) of quality control materials at different concentrations (1, 8, and 16 ng/mL for GC-MS-MS and 20 and 100 ng/mL for GC-MSD). The precisions for GC-MS-MS and GC-MSD methods are summarized in Tables IV and V, respectively. 
Results and Discussion
The goal of this paper to investigate various analytical methods available in our laboratory to determine the most cost effective separation and mass spectrometry based method to analyze DAPs in human urine to assess exposure to OP pesticides. We have prepared samples using three different preparation methods, which have been analyzed using both GC-MSD and GC-MS-MS for a total of six different combinations of analytical techniques. We also have incorporated the option of using a surrogate standard rather than an isotopically labeled standard.
Recovery
Lyophilization had the best recoveries followed by liquidliquid extraction (Table III) . The recoveries of all six metabolites using the lyophilization method were above 60%. When the ChemElut was used, recoveries for DMP and DEP were much better than other analytes (some were less than 10%). All of the analyte recoveries were above 20% using liquid-liquid extraction.
LOD
When GC-MS-MS is used, both lyophilization and the ChemElut cartridge performed better than liquid-liquid extraction (Table II) . Regardless of the internal standard (isotope dilution or surrogate) used, LOD values were very close when samples were analyzed using GC-MS-MS. On the other hand, GC-MSD LOD values were much higher than GC-MS-MS technique. When GC-MSD was used, both lyophilization and ChemElut cartridges performed better than liquid-liquid extraction. The LODs for liquid-liquid extraction and GC-MSD were very poor. The LODs for all methods decreased considerably when using GC-MS-MS. However, a low LOD is not the only criterion that should be used when deciding upon an analytical method. The accuracy and precision of the methods used were key in determining the quality of a method.
Accuracy
Because the GC-MS-MS methods were suitable for monitoring low concentrations of DAPs, the accuracy and precision were measured (n = 10) at 1, 8, and 16 ng/mL, whereas for GC-MSD, they were measured (n = 10) at 200 and 2000 ng/mL. According to the results, the GC-MS-MS with isotope dilution and lyophilization method produced the most accurate and precise measurements. The accuracy test (the 15% deviation rule) (20) for 8 and 16 ng/mL succeeded, but I ng/mL samples clearly failed the test (Table IV) . The 1 ng/mL samples failed in all methods with GC-MS-MS suggesting that I ng/mL range is a not an accurate region for measuring the samples. Using the GC-MSD, the accuracy was not good at 200 ng/mL (Table  V) . At 2000 ng/mL, all the methods with isotope dilution satisfy the accuracy test, whereas all the methods with surrogate standard failed. The goal of these experiments is to find a low cost method that is rapid and easy to transfer with a possibility of automation. Nevertheless, it needs to be accurate enough to screen a large population in order to assess the degree of exposure and counter measures.
Precision
Lyophilization with isotopically labeled internal standards performed the best and the RSD was less than 11% for samples measured at 8 and 16 ng/mL (Table IV) . At 1 ng/mL, the RSD was as high as 57%, making the I ng/mL range less suitable for measuring samples using lyophilization. Liquid-liquid extraction or ChemElut cartridges were not suitable at this concentration range (1 to 16 ng/mL), but at higher concentrations, may be applicable. The precision for the GC-MSD was calculated at a higher concentration than for GC-MS-MS because the sensitivity of the analytical platform was poorer. Again, lyophilization with isotope dilution gave the best precision followed by the ChemElut cartridges with isotope dilution. The remainder of the techniques performed comparably. When surrogate standards and liquid-liquid extraction were used, the calibration curve did not have a linear response, so those data were not analyzed.
Selectivity
GC-MS-MS is more selective, which is useful when analyzing complex matrices. According to Figure 3 , the GC-MS-MS is capable of detecting much lower levels (-1 ng/mL) of DAPs, whereas the GC-MSD had higher LODs (~200 ng/mL). The best selectivity was obtained using lyophilization with
GC-MS-MS.
Cost and sample throughput
Both lyophilization and isotope dilution are more expensive than liquid-liquid extraction and surrogate standards. In addition, lyophilization takes approximately 22 h/50 samples for preparation (total analysis time of 40 h/50 samples). Although the lyophilization can be clone overnight and unattended, the speed is not conducive to a rapid response as would be needed in a terrorism event. Lyophilization with surrogate standards could have been used as a cost-cutting method; however, the total time needed for the clean-up would have increased. An alternative method would be to use the ChemElut cartridge with isotope dilution or surrogate standards. When using the ChemElut cartridge, the LOD is fairly acceptable for high exposure studies. Regardless of optimum performance, we were seeking the best compromise between cost and performance parameters that can not be sacrificed. All the parameters we used to evaluate the cost-effectiveness are summarized in Table VI. A GC-MSD, in contrast to a GC-MS-MS, is very cost effective, although it requires isotope dilution to produce the accuracy needed for the analysis of DAPs in human urine. According to the results, the ChemElut cartridge cleanup method is a rapid and cost-effective method that gave similar results to lyophilization and conventional liquid-liquid extraction. We deemed the ChemElut cartridge with isotope dilution and analysis using the GC-MSD as the most costeffective and rapid method. This method has been developed to be transferred to the state laboratories for monitoring metabolites of OP pesticides in human urine. However, to assess exposures to OP pesticides in non-acutely exposed populations (e.g., general population), a more sensitive method must be employed.
Conclusions
Currently, CDC assesses total OP pesticide exposure by analyzing non-specific DAP metabolites in urine. This method involves lyophilization, chemical derivatization, and analysis with GC-MS-MS. It is characterized by low detection levels and high precision and accuracy. However, this method is time-consuming (40 h per 50 samples) and requires expensive equipment and chemicals, which makes it difficult to integrate into state laboratories. An alternative approach that is analytically acceptable, is the use of sorbent-immobilized extraction cartridges and isotope dilution GC-MS. Although this method still employs the costly labeled standards, the overall cost is lower, and the results are ana]ytically acceptable.
